of these methods can be grouped into the simplified and the more elaborate groups of methods.
The simplified methods typically require little initial input data. They can provide optimum system size information with differing degrees of success and reliability (Pufrey, 1978; Buresh, 1983) . Other more elaborate methods such as the analytical ones, also known as the loss-of-load methods (LLP) have been proposed by Barra et al. (1984) , Bartoli et al. (1984) as well as others. These methods rely on data from daily global irradiation series. LLP method requires several input information, namely the annual typical load requirements, current and voltage characteristics of the types of modules used in the system, mean daily irradiation on the plane of the array, tilt factor, maximum number of clear and cloudy days, mean seasonal ambient temperatures, estimated cell temperature rise, energy losses in the battery and the array, among other information (Bhuiyan and Sagar, 2003) .
In developing countries many of the technical and meteorological information may not always be available, especially in those isolated and remote areas away from the large urban centers. Furthermore, load requirements for dwellings in such areas tend to be
A Comparison of Simplified and Statistical Methods of Sizing Photovoltaic
Installation for a Remote Dwelling in the Saharan Region
, R. MOSTEFAOUI 2) and M. BOUBEKRI 3) simple and quite predictable, and not as elaborate and varied as in dwelling in large cities of the developed countries (Benattialah, 1994) . Therefore and based on this assumption and context, we intend to compare in this paper the appropriateness of using either sizing approach, namely the simplified method or the LLP. We developed two simulation models using already established theoretical algorithms. The context used in our study is a detached family house with three different levels of loads in an isolated region of the Algerian Sahara, near the town of Adrar (27°88Ј N; 0°28Ј E).
Theoretical Background Simplified method
The simplified method is intended to be used as an rough estimation when detailed data of the PV installation and conditions of exploitation are not fully known. It consists first of determining the required average load output of the installation. The number of array branches in series and parallel is calculated according to the estimated annual load. The battery capacity is then calculated based on a predetermined desired number of days of autonomy of the installation. The algorithmic process is as follows:
Step 1 -Estimate the array size
The number of branches in series is determined by the operating voltage of the installation. Once the average required annual load to be supplied is known, the array size (A g ) is determined based on mean daily irradiation on the PV array (F b ) and a security factor "k" that accounts for the number of cloudy days and other correction measures and losses due to the efficiency of various system components. Based on experience, factor "k" typically ranges between 0.5 and 0.85 for the Saharan region of N Africa due to large umber of clear days per annum (Noton et al, 1998 , Barra et al, 1984 .
(1
Where: F b ϭmean daily irradiation on the PV array (w/m2) kϭsecurity factor The array size (P g ) expressed in watts can also be expressed in terms of the annual average equivalent hours per day (h eq ) or in other words the annual average watt-hours received per peak watt of the flat-plate PV module per day at the site of installation:
Where: Iϭcurrent through an array module (amps) V f ϭmodule voltage under normal conditions (volts)
Sϭinsolation period (hours) mϭoverall efficiency of system. Knowing the load output, we can determine the number of branches in parallel (N p ) such as:
Where P s ϭrequired load (W) Once the number of modules in series (N s ) and in parallel (N p ) is determined, and knowing the manufacturer' surface area of each module (A m ), the total array surface area (A g ) can be expressed as (Puffrey, 1978; Menicucci, 1988 )
Step 2 -Determine the battery bank storage capacity The battery bank storage capacity (C b ) needed to overcome the energy deficit during the times when there is no sun is calculated using the worst month in terms of sunlight probability. The minimum battery bank capacity (C min ) represents the sum of the difference between the total power output (P s ) and the required load (P g ) for the month "i":
(4) Furthermore, and in order to account for the efficiency of the system, the various component losses, and the days when there is no sun, a correction factor (h b ) must be used to account for the allowable depth of discharge (D d ) and the factor of discharge (F d ), number of days of full autonomy (N a ), and the number of hours operation of the battery bank (H). The battery bank capacity may be expressed as: (5) 
Statistical Method
This statistical method is also known as the lossof-load probability (LLP) method (Egidio and Lorenzo, 1992) . This method has been widely written about unlike the simple method. It requires a fairly extensive database of site's solar radiation spanning several years (Barra, 1984) . The underlying premise consists of determining the fraction of the required load not supplied by the PV installation depending on the dwelling demand and site conditions. Then we determine the size of the array and the battery bank storage capacity as a function of the load not supplied by the installation. This can be established by the following:
Where, X m ϭis the maximum fraction of the load sup-
plied by the array. Y m ϭis the fraction of load not supplied by the array tϭis the maximum battery bank capacity according to the load The normalized array output per unit area (I m ) can be expressed as a function of X m , the array size (A g ), or also as function of the local latitude (F), array inclination (b), array efficiency (h g ), and the battery efficiency (h b ). (7) The normalized battery bank capacity per unit area (J m ) is function of clear sky factor (k m ), length of day (d m ), battery bank efficiency (h b ) and the load demand (P s ). (8) Or (9) The total cost of system (C T ) is calculated as follows:
With: a: unit cost of each system branch expressed in ($/m 2 ); b: cost of 1 Kwh of storage ($/Kwh); C b : Storage capacity D: other miscellaneous cost items. Therefore, LLP method consists of minimizing the cost of the system and at finding the appropriate area of generator branch (A g ) and the battery storage capacity (C b ) that fulfill the load demand given the site condition (Lewis, 1996) .
Area and Optimal Capacity
The optimal array size and corresponding battery storage capacity can be determined according to the following condition:
∂C t /∂A g ϭ0 and ∂C t /∂C b ϭ0
With deduction, we determine the optimal area (A op ) to be: (12) And optimal capacity (C op ) to be:
The constant values of a and b will be determined by comparing experimental and simulation data.
Case-Study and Comparison of Simplified and Statistical Methods
Using a simulation program written in Pascal language, a comparison of the two sizing methods were undertaken. Three detached individual houses of low, medium and high-load demand were used for this comparison. The houses are situated in the remote Saharan city of Adrar, Algeria (27°52ЈN latitude and 0°20ЈE longitude). The solar radiation characteristics of the site and length of day are shown in Table 1 . The scenario is to supply the required power for the three dwellings as shown in Tables 2, 3 
Results and Conclusion
The results of the simplified approach and the lossof-load probability approach as presented in table 8 and 9 indicated very little difference when sizing a stand alone PV installation and the battery storage capacity for a relatively low demand dwelling. Even the high-load dwelling simulated in our conditions may be considered as low compared to an urban dwelling with more appliances and electrical equipment. Our simulation indicates that there is no need to use highly sophisticated sizing methods and that the simplified approach may be suitable in these condition and especially in underdeveloped countries where data necessary to use the more sophisticated approaches are not available.
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